INTRODUCTION
Campylobacter jejuni (C. jejuni) is one of the most important foodborne pathogens worldwide (Abril et al., 2010) . It has been reported that Campylobacter was the second pathogen (13.82 per 100,000 population) among the causes of laboratory confirmed foodborne illnesses in 10 U.S. states in 2013 (Crim et al., 2013) . The in-studies have demonstrated that these small regulatory RNAs play vital roles in various developmental and physiological processes, including cell proliferation, differentiation, development, apoptosis, pathogenesis, disease resistance, tumorigenesis, lipogenesis, insulin secretion, cholesterol metabolism, and immune response (Welch et al., 2007; Williams and Williams, 2008; Xie et al., 2009; Lund, 2010; Mckenna et al., 2010; Jones et al., 2012; Wang et al., 2012a; Xu et al., 2015) .
It has been shown that host miRNAs play vital roles in the defense against various foreign pathogens (Pauley and Chan, 2008) . In mammals, miR-146a, miR-132, and miR-155 were up-regulated in the response to lipopolysaccharide (LPS) treatment (Taganov et al., 2006) . It has been shown that miR-155 was upregulated under the stimulation of polyriboinosinic: polyribocytidylic acid [poly(I:C)] and interferon-β (IFN-β), together with a number of TLR ligands (O'Connell et al., 2007; Tili et al., 2007) . The expression of miR-155 increased in activated B and T cells and macrophages (O'Connell et al., 2007; Ferrajoli et al., 2013; Kopp et al., 2013) and was associated with B cell malignancies (Costinean et al., 2006) . A previous study has shown that gga-miR-155 plays a vital role in the response to C. jejuni inoculation (Liu et al., 2016) .
It has been reported microRNA-bantam regulates CLOCK translation as an integral part of the circadian clock in drosophila (Kadener et al., 2009) . A recent study reported that clock gene-miRNA correlation networks play vital roles in colorectal tumorigenesis (Mazzoccoli et al., 2016) . A previous study has shown that the CLOCK gene is important in regulating the response to C. jejuni inoculation and has a cross-talking with immune-related genes (Liu et al., 2015) . It has documented that BCL9, a drug target for therapeutic intervention in several malignancies, is associated with aberrant Wnt signaling (Mani et al., 2009) . Syntaxin 16 (STX16) is associated with human pseudohypoparathyroidism type Ib (Turan et al., 2012) . Interferon regulatory factor 4 (IRF4) is restrictedly expressed in immune cells, such as T and B lymphocytes, macrophages, and dendritic cells, where it is required for lymphocyte activation and the generation of immunoglobulin-secreting plasma cells during the immune response (Nam and Lim, 2016) . Interleukin-4 receptor (IL4R) is associated with adenoma-carcinoma progression in colorectal cancer and tumor invasion (Kaklamanis et al., 1992) . The suppressor of cytokine signaling 3 (SOCS3) is significantly down-regulated in the ceca of both resistant and susceptible broiler lines post C. jejuni inoculation (Li et al., 2010) . All of those genes and the CLOCK gene were target genes of gga-miR-148a, gga-miR-1416-5p, gga-miR-30a-5p, ggamiR-30b, and gga-miR-30c through prediction tools.
To study the correlation between CLOCK-interacted miRNAs and target genes in response to C. jejuni inoculation, 5 miRNAs (gga-miR-148a, gga-miR-1416-5p, gga-miR-30a-5p, gga-miR-30b, and gga-miR-30c) and 5 immune-related genes (BCL9, STX16, IL4R, IRF4, and SOCS3) were selected to investigate the expression level at different time points post C. jejuni inoculation. Our results will extend the knowledge of correlative expression between miRNAs and genes in chickens and provide clues for future studies on the response to C. jejuni inoculation in chickens.
MATERIALS AND METHODS

Sample Collection
Specific pathogen free (SPF) White Leghorn were used in the present study. The C. jejuni inoculation was described previously (Liu et al., 2015) . In brief, 24 3-day-old C. jejuni-free SPF female chickens were inoculated with 0.5 mL inoculants of 1.0 × 10 8 cfu C. jejuni/Chicken as the inoculated group (SI), and 24 3-day-old C. jejuni-free SPF chickens were inoculated with 0.5 mL PBS as the non-inoculated group (SN). Cecal sample from each of 4 individual chickens in each group were harvested at 4, 8, 12, 16, 20 , and 24 h post C. jejuni inoculation (hpi), and, after removing cecal contents aseptically, samples were frozen in liquid nitrogen and stored at −80
• C for RNA isolation. All animal procedures were approved by Shandong Agricultural University Animal Care and Use Committee (SDAUA-2014-010).
Total RNA Isolation, Reverse Transcription, and Quantitative Real-time PCR Total RNA was isolated from each individual cecum sample using TRIZOL reagent (Invitrogen, Grand Island, NY) following manufacturer's instructions. Twenty-four RNA samples were isolated from SI and SN groups, respectively. In total, 48 individual RNA samples were isolated. The RNA quantity and quality were evaluated using Nanodrop (Thermo Scientific, Grand Island, NY) and gel electrophoresis, respectively.
To quantify the expression of miRNA, one μg total RNA (containing miRNAs) was reverse transcribed into the cDNA using SYBR R PrimeScript miRNA RT-PCR Kit (Takara, Dalian, China). The qRT-PCR was performed using the Mx3000p System (Agilent, Santa Clara, CA) with PCR mixtures (20 μL) containing SYBR primer Ex Taq II (2 ×) 10 μL, forward primer (10 μM) 0.8 μL, uni-miRprimer (10 μM) 0.8 μL, ROX reference dye II (50 ×) 0.4 μL, cDNA 2 μL, and ddH 2 O 6 μL. The qRT-PCR conditions were as follows: 94
• C for 5 min, followed by 40 cycles of 95
• C for 5 s, 59
• C for 30 s, and then 95
• C for one min, 61
• C for 30 s, 95
• C for 30 seconds. U6 was used as the internal control. Triplicate was performed for each cDNA sample to run the qRT-PCR. The primer of gga-miR-1416-5p has been reported (Liu et al., 2016) . The other specific primers for miRNAs were designed using Primer Premier 5.0. All primers are listed in Table 1 . To quantify the expression of mRNA, total RNA from each sample was reverse transcribed into the cDNA using the Prime Script RT Reagent Kit (Perfect Real Time) (Takara, Dalian, China) after DNase treatment according to the manufacturer's instructions. The 20 μL reaction system was used, which contains 5 × Primer Script Buffer (for Real Time) 4 μL, Primer Script RT Enzyme Mix I 1 μL, Random 6 mers (100 μM) 1 μL, total RNA 1 μg, and adding RNase-free dd H 2 O to 20 μL. The reaction condition was 37
• C for 15 min; 85
• C for 5 seconds. The primer of β-actin was used previously (Liu et al., 2015) . The other specific primers for mRNAs were designed using Primer Premier 5.0. All primers are listed in Table 2 . The qRT-PCR was performed using the Mx3000p System (Agilent, Santa Clara, CA) with the PCR system (20 μL) containing SYBR Primer Ex Taq (2 ×) 10 μL, forward primer (10 μM) 0.4 μL, reverse primer (10 μM) 0.4 μL, ROX Reference Dye II (50 ×) 0.4 μL, cDNA 2 μl, and dd H 2 O 6.8 μL. The PCR conditions were as follows: 95
• C for 30 s, followed by 40 cycles of 95
• C for 5 s, 60
• C for one min, 62
• C for 30 seconds. Triplicate was performed for each cDNA sample to run the qRT-PCR. β-actin was used as the reference gene.
Statistical Analysis
The relative expression of miRNA and mRNA levels was calculated using the 2 −ΔΔCt method (Livak and Schmittgen, 2001 ). The relative expression was normalized with SN at 4 hpi. The data were analyzed using the general linear model procedure of SAS 8.1 software (SAS Institute, Cary, NC). The main effects of inoculation and time were tested in the statistical model. A Bonferroni test was used for multiple mean comparisons. P < 0.05 was considered as a significant difference.
RESULTS
Expression of miRNAs Between SI and SN Groups
The expression levels of gga-miR-148a, gga-miR-1416-5p, gga-miR-30a-5p, gga-miR-30b, and gga-miR30c between SI and SN groups were compared at different time points post inoculation (Fig. 1) . The results showed that gga-miR-148a, gga-miR-1416-5p, gga-miR-30b, and gga-miR-30c were significantly upregulated in the SI group at 8 hpi (P < 0.05) with a fold change of 1.35, 1.53, 1.29, and 1.86, respectively (Fig. 1) . Gga-miR-1416-5p was significantly downregulated in the SI group at 20 hpi with a fold change of 1.38 (P < 0.05) (Fig. 1B) . Gga-miR-30a-5p was significantly down-regulated in the SI group at 24 hpi with a fold change of 1.48 (P < 0.05) (Fig. 1C) . Gga-miR-30b and gga-miR-30c were significantly down-regulated in the SI group at 24 hpi with a fold change of 1.45 and 1.70, respectively (P < 0.01) (Fig. 1D, 1E ).
Expression of Genes Between SI and SN Groups
The expression levels of BCL9, STX16, IL4R, SOCS3, and IRF4 between SI and SN groups were compared at different time points post inoculation (Fig. 2) . The results showed that BCL9, SOCS3, and IRF4 were significantly down-regulated in the SI group at 4 hpi (P < 0.05) with a fold change of 1.39, 2.27, and 1.88, respectively. BCL9, STX16, IL4R, and IRF4 were significantly up-regulated in the SI group at 8 hpi with a fold change of 1.22, 1.25, 1.34, and 1.73, respectively (P < 0.05). SOCS3 was significantly down-regulated at 8 and 16 hpi following C. jejuni inoculation with a fold change of 3.09 and 1.44, respectively (P < 0.05) (Fig. 2D) . BCL9 was significantly up-regulated at 16 hpi and down-regulated at 24 hpi with a fold change of 1.37 and 1.39, respectively (P < 0.05) (Fig. 2A) ; STX16 was significantly down-regulated at 20 and 24 hpi with a fold change of 1.34 and 1.27, respectively (P < 0.05) (Fig. 2B) ; IRF4 was significantly down-regulated at 16 and 20 hpi with a fold change of 2.50 and 1.33, respectively (P < 0.05) (Fig. 2E) .
Expression of microRNAs and Genes at Different Time Points within SN and SI Groups
Gga-miR-148a was significantly up-regulated at 12, 16, 20, and 24 hpi compared to those at 4 and 8 hpi in the SN group (P < 0.01) (Fig. 1A) . Gga-miR-30b was significantly up-regulated at 12, 16, and 24 hpi compared to that at 8 hpi in the SN group. Gga-miR-30b was significantly up-regulated at 24 hpi compared to those at 4, 8, and 20 hpi in the SN group (P < 0.01) (Fig. 1D) . Gga-miR-30c was significantly up-regulated at 12, 16, 20, and 24 hpi compared to that at 8 hpi in the SN group. Gga-miR-30c was significantly up-regulated at 24 hpi compared to those at 4 and 8 hpi in the SN group. Gga-miR-30c was significantly up-regulated at 8, 12, 16, 20, and 24 hpi compared to that at 4 hpi in the SI group (P < 0.05) (Fig. 1E) .
BCL9 was significantly up-regulated at 4 hpi compared to those at 8, 12, 16, and 20 hpi in the SN group (P < 0.05) (Fig. 1A) . IL4R was significantly upregulated at 16 hpi compared to those at 4, 12, 20, and 24 hpi in the SI group (P < 0.05) (Fig. 1C) . SOCS3 was significantly up-regulated at 4, 8, 16, 20, and 24 hpi compared to that at 12 hpi in the SN group. SOCS3 was significantly up-regulated at 24 hpi compared to those at 12 and 16 hpi in the SN group. SOCS3 was significantly up-regulated at 20 and 24 hpi compared to those at 4 and 8 hpi in the SI group (P < 0.05) (Fig. 1D) . IRF4 was significantly up-regulated at 4, 12, 16, 20, and 24 hpi compared to that at 8 hpi in the SN group. IRF4 was significantly up-regulated at 16 hpi compared to those at 4, 8, 12, 20, and 24 hpi in the SN group (P < 0.01) (Fig. 1E) . 
DISCUSSION
In the current study, the correlative expression of miRNAs and genes was investigated through the qRT-PCR method at different time points post C. jejuni inoculation.
Effect of C. Jejuni Inoculation on the Expression of MiRNAs
The MiR-30 family is involved in regulating cell apoptosis and the cancer development process (Ouzounova et al., 2013) , and is closely related with Marek's disease virus inoculation (Tian et al., 2012) . MiR-30a-5p, a member of the miR-30 family, is downregulated in a number of cancers, such as colorectal, and can act as a tumor suppressor, inducing growth inhibition and suppression of cell migration and invasion in colorectal cancer (CRC) (Wei et al., 2016) . It has demonstrated that the overexpression of miR30b can inhibit CRC cell migration and invasion in vitro (Zhao et al., 2014) . It is reported that miR-30c-2 suppresses cell proliferation in ovarian cancer cells (Jia et al., 2011 ). In the current study, gga-miR-30b and gga-miR-30c were significantly up-regulated at 8 hpi, and gga-miR-30a-5p, gga-miR-30b, and gga-miR30c were significantly down-regulated at 24 hpi. The chicken-derived gga-miR-30 family plays an important role in the resistance to C. jejuni infection and may cooperatively suppress the proliferation of C. jejuni.
The miR-148/miR-152 family consists of 3 miRNAs of miR-148a, miR-148b, and miR-152, which are widely expressed in various species, including rat (Kim et al., 2004) , mouse (Lagos-Quintana et al., 2002) , and pig (Li et al., 2011) . Recently, the miR-148 family has been observed to participate in the regulation of diverse physiological and pathological processes, including epigenetic regulation of cancer (Lujambio et al., 2008) , the inhibition of ovarian cancer cell proliferation, migration, and invasion (Gong et al., 2016) , and chicken reproductive physiology (Li et al., 2013b) . A previous study has shown that miR-148a acts as a tumor suppressor playing an important role in hepato cellular carcinoma tumorigenesis and deterioration (Pan et al., 2014 ). In the current study, gga-miR-148a was significantly up-regulated at 8 hpi. Collectively, these data suggest that gga-miR-148a may play an important role in resistance to C. jejuni invasion.
Gga-miR-1416-5p, located in the intron of MAMDC 2 (MAM domain containing 2), plays a vital role in the response to AIV infection in both layers and broilers (Wang et al., 2012b) . Our previous study found that gga-miR-1416-5p was up-regulated in response to SE infection through regulating the target gene of TLR21 ). In the current study, gga-miR-1416-5p was significantly up-regulated at 8 hpi and downregulated at 20 hpi. Both Salmonella enteritidis and C. jejuni belong to Gram-negative bacteria. It suggests that gga-miR-1416-5p may play a vital role in the host response to bacterial colonization.
The expression of miRNAs is time dependent. It has demonstrated that the relative expression of gga-mir26a was significantly up-regulated at Zeitgeber time (ZT) 4 h among 6 different time points (ZT 0 h, 4 h, 8 h, 12 h, 16 h, and 20 h) (Shi et al., 2009 ). The expression level of hepatic miR-106b in mice was significantly down-regulated at 0.5 h, 12 h, and 24 h after intraperitoneally administration of halothane (Endo et al., 2014) . Our current results showed that the expression of gga-miR-148a, gga-miR-1416-5p, gga-miR30b, and gga-miR-30c were significantly up-regulated at 8 hpi, and gga-miR-30a-5p, gga-miR-30b, and gga-miR30c were significantly down-regulated at 24 hpi. So, temporal expression of miRNAs was important in the response to C. jejuni inoculation.
Effect of C. Jejuni Inoculation on the mRNA Expression of Genes
BCL9 is identified as a Wnt pathway activator and plays a critical role in transcriptional activity of β-catenin in combination with lymphoid enhancer binding factor 1/T cell-specific family members (Roche et al., 2008) . Previous studies demonstrated that BCL9 was overexpressed in a B-cell acute lymphoblastic leukemia cell line (Willis et al., 1998) . In addition, BCL9 has been shown to play a causal role in progression of colorectal cancers and multiple myeloma by activation of Wnt oncogenic signaling (Mani et al., 2009) . Recent studies have demonstrated that BCL9 was significantly up-regulated in the invasive ductal carcinoma component compared to ductal carcinoma in situ (Elsarraj et al., 2015) . The current results showed that BCL9 was significantly up-regulated at 8 hpi and downregulated at 24 hpi, which suggests that BCL9 might play a causal role in the response to C. jejuni infection by activation of Wnt signaling.
The STX protein family plays an important role in the transportation of membrane vesicles (Gee et al., 2010) . STX16, a member of the STX protein family, plays an important role in the sorting of Glut4 from the fast-cycling to the slow-cycling intracellular trafficking pathways in adipocytes (Proctor et al., 2006) . In addition, STX16 is up-regulated in Madin Darby canine kidney (MDCK) cells and is critical in maintaining the integrity of cell-cell junctions (Jung et al., 2013 ). In the current study, STX16 was significantly up-regulated at 8 hpi. The induced expression of STX16 may accelerate the membrane vesicle transportation during C. jejuni inoculation.
Interferon regulatory factors (IRFs) are a group of transcription factors, including 10 members, 9 of which (IRF1-IRF9) have been identified in mammals, including humans and mice (Nam and Lim, 2016) . IRFs are critical for immunity against pathogens and tumor suppression, including virus-related defense, innate and adaptive immunity, cell development, and oncogenesis (Tamura et al., 2008; Savitsky et al., 2010) . In the present study, IRF4 was significantly up-regulated at 8 hpi. The C. jejuni inoculation might trigger host immune response and induce the expression of IRF4 against C. jejuni infection in chickens.
A number of interleukin genes, including IL-1R and IL-22Rα, were up-regulated at 24 h post chicken anemia virus (CAV) inoculation (Crowley et al., 2011) . The type II IL4R is expressed in human breast cancer and can be activated by interleukin-4 (IL-4). Furthermore, the IL4/IL4α interaction promotes mammary metastatic tumor growth through multiple signaling pathways (Venmar et al., 2014) . The up-regulation of IL4R at 8 hpi in the current study indicated that IL4R may play a causal role in C. jejuni infection.
SOCS3, a member of the SOCS family, regulates cytokine signal transduction and affects cell growth, proliferation, apoptosis, and other biological processes (Starr et al., 1997) . SOCS3 is significantly downregulated in the cecum of both resistant and susceptible broiler lines post C. jejuni inoculation (Li et al., 2010 ). In the current study, SOCS3 was significantly down-regulated at 4, 8, and 16 hpi. It has been reported that SOCS3 significantly inhibited CD8+T cell maturation and interferon-γ (IFN-γ) production (Gao et al., 2017) . We speculated that the down-regulation of SOCS3 could promote the production of IFN-γ and the maturation of CD8+T cells during C. jejuni inoculation.
Oscillation of miRNA and mRNA Genes in Both SN and SI
The CLOCK gene is one of the critical genes regulating circadian rhythms and plays a vital role in maintaining normal circadian rhythms (Harrisingh and Nitabach, 2008) . It has been reported that the CLOCK gene and TNFα and IL-1β, induced by lipopolysaccharide, display daily rhythm oscillations of inflammation in the avian spleen (Naidu et al., 2010) . The CLOCK gene is important to regulate the response to C. jejuni inoculation and has a cross-talking with immune-related genes in chickens. (Liu et al., 2015) . The CLOCK gene-miRNA correlation networks play vital roles in colorectal tumorigenesis (Mazzoccoli et al., 2016) . SOCS3 transcripts are oscillating in murine brown adipose tissue (Ptitsyn and Gimble, 2007) . Both microRNAs and genes detected in the current study are directly/indirectly related to the CLOCK gene. The CLOCK gene displays daily rhythm oscillations in the chicken cecum and spleen post C. jejuni inoculation (Liu et al. 2015) . As the CLOCK gene shows a daily rhythm expression pattern, 5 CLOCK-interacted miRNAs and 5 immune-related target genes of CLOCKinteracted miRNAs showed a daily rhythm oscillation expression pattern in both SN and SI groups.
Relationship Between MiRNAs and Genes in the Response to C. jejuni Inoculation
The degradation and translation inhibition of mRNA mediated by miRNA are a major regulatory mechanism of SOCS3 abundance in cells (Cao et al., 2013) . It has been documented that the expression of SOCS3 is negatively regulated by miR-30 in human glioma stem cells (Che et al., 2015) . In the current results, the regulatory direction of SOCS3 was opposite to those of gga-miR30b, gga-miR-30c, gga-miR-148a, and gga-miR-1416-5p at 8 hpi, which indicated that SOCS3 is the potential target gene of those miRNAs. Human SOCS3 is the target gene of the hsa-miR-30 family (including hsa-miR30a-5p, hsa-miR-30b, hsa-miR-30c, hsa-miR-30d, and hsa-miR-30e-5p) through TargetScan prediction. Interestingly, the mature sequences, structures, and the seed region between the hsa-miR-30 family (hsa-miR-30a-5p, hsa-miR-30b, and hsa-miR-30c) and the gga-miR-30 family (gga-miR-30a-5p, gga-miR-30b, and gga-miR30c) are the same. In addition, the 3 UTR of SOCS3 has the same seed region binding to the miR-30 family in both humans and chickens. It has been reported that the functional targets of miRNAs vary in different cells or the different states of the same cell. Furthermore, miRNA and its functional targets may be dynamically variable with time (Li et al., 2013a) . In the present study, the significant interaction between microRNAs and SOCS3 was observed at 8 hpi. Further study is needed to verify the interaction between gga-miR-30b, gga-miR-30c, gga-miR-148a, and gga-miR-1416-5p and chicken SOCS3.
CONCLUSION
In summary, MiR-30 and the miR-148/miR-152 family time-dependently regulate the response to C. jejuni inoculation in chicken ceca. BCL9, STX16, IRF4, and IL4R play important roles in the response to C. jejuni inoculation. The CLOCK gene-interacted miRNA and immune-related target genes has a correlative response to C. jejuni inoculation. The SOCS3 gene interacts with gga-miR-30b, gga-miR-30c, ggamiR-148a, and gga-miR-1416-5p in the response to C. jejuni inoculation at 8 hpi. These results will lay the foundation for further interactive regulation between miRNAs and genes in the response to C. jejuni inoculation in chickens.
